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Weisell et al. [1] ). Compounds 2c [2] , 3b [3] , 3f [4] and 3g [5] have been reported in the literature previously. C spectra were measured without NaOD to avoid the exchange of the alkyne proton to deuterium. The purification of monoesters was performed on an HPCCC instrument (Spectrum, Dynamic Extractions, Slough, UK). The analytical (22.5 mL) coils and HEMWat solvent system number one (water and 1-butanol, 1:1) were used in all separations. The reversed phase mode was applied, in other words, the upper phase of the solvent system was used as the stationary phase and the lower phase as the mobile phase.
Chromatography was monitored by UV-detection at 200, 220 and 254 nm. High resolution mass spectra (HRMS) were recorded on a q-TOF or TOF mass spectrometer with ESI source.
General procedure: the synthesis of trimethyl monoalkyl esters. Equimolar amounts of 1 and the appropriate alkyl tosylate were refluxed in acetonitrile (30-40 mL). The reaction mixture was evaporated to dryness, 50 mL of ether were added and the mixture was kept in a freezer until a white solid was formed. The white solids were filtered off, and the ethereal phase was evaporated to dryness, leaving the crude product. The crude product was purified by silica column chromatography, with Finally, the methanol was evaporated and the crude product was purified by HPCCC.
General procedure: the purification of monoalkyl esters by HPCCC with
HEMWat solvent system 1. Samples were dissolved in 1 mL of the lower phase prior to the separation. Stationary phase retention was typically 33%. The flow rate was kept at 0.5 mL/min until the dynamic equilibrium was reached and for the first 10 minutes of the separation. After 10 minutes the flow was set to 1 mL/min. The fraction volume was 0.5-1.0 mL. A typical separation lasted for 40 minutes.
Procedure example: the purification of compound 3g by hydroxyapatite. The monoester 3g (10 mg) as its disodium salt form containing 10% of medronate as an impurity was dissolved in dry methanol (12 mL). Hydroxyapatite (50 mg) was added and the mixture was stirred for 20 minutes at room temperature. Hydroxyapatite was filtered off and the mixture was evaporated to dryness, giving 7 mg of the pure product. The amount of hydroxyapatite was estimated prior to the experiment by determining the amount of medronate that the hydroxyapatite could bind [6] . The [(Dimethoxyphosphino)methyl]phosphonic acid monomethyl ester N,N,Ntributyl-N-methyl ammonium salt (1) was prepared by following the procedure described by Vepsäläinen et al. [7] . from tetramethyl methylenebisphosphonate and tributylamine. Equimolar amounts of tetramethyl methylenebisphosphonate 
Dimethyl {[isopropoxy(methoxy)phosphoryl]methyl}phosphonate (2c) was
prepared by following the general procedure described earlier in this paper from ammonium salt 1 (718 mg, 1.72 mmol) and isopropyl tosylate (369 mg, 1.72 mmol).
The purification by silica column chromatography with ethyl acetate:methanol (8:2, R f = 0.4) as the eluent gave the pure product as a colorless oil. Yield 316 mg (71%). 
Dimethyl {[(isopentyloxy)(methoxy)phosphoryl]methyl}phosphonate (2f) was
prepared by following the general procedure described earlier in this paper from ammonium salt 1 (600 mg, 1.44 mmol) and isopentyl tosylate (383 mg, 1.58 mmol).
The purification by silica column chromatography with ethyl acetate:methanol (8:1, R f = 0.5) as the eluent gave the pure product as a colorless oil. Yield 247 mg (60%). 
